In a 2-year study of viral gastroenteritis in children in Blantyre, Malawi, the diversity of rotavirus strains was investigated by using electropherotyping, reverse transcription-PCR amplification of the VP7 and VP4 genes (G and P genotyping), and nucleotide sequencing. Of 414 rotavirus strains characterized, the following strain types were identified: P[8], G1 (n ‫؍‬ 111; 26.8%); P[6], G8 (n ‫؍‬ 110; 26.6%); P[8], G3 (n ‫؍‬ 93; 22.5%); P[4], G8 (n ‫؍‬ 31; 7.5%); P[8], G4 (n ‫؍‬ 21; 5.1%); P[6], G3 (n ‫؍‬ 12; 2.9%); P[6], G1 (n ‫؍‬ 7; 1.7%); P[6], G9 (n ‫؍‬ 3; 0.7%); P[6], G4 (n ‫؍‬ 3; 0.7%); P[4], G3 (n ‫؍‬ 1; 0.2%); and mixed (n ‫؍‬ 15; 3.6%). While all strains could be assigned a G type, seven strains (1.7%) remained P nontypeable. The majority of serotype G8 strains and all serotype G9 strains had short electropherotype profiles. All remaining typeable strains had long electropherotypes. Divergent serotype G1 rotaviruses, which contained multiple base substitutions in the 9T-1 primer binding site, were commonly identified in the second year of surveillance. Serotype G2 was not identified. Overall, G8 was the most frequently identified VP7 serotype (n ‫؍‬ 144; 34.8%) and P[8] was the most frequently detected VP4 genotype (n ‫؍‬ 227; 54.8%). Partial sequence analysis of the VP4 gene of genotype P[8] rotaviruses identified three distinct clusters, which predominantly (but not exclusively) comprised strains belonging to a distinct VP7 serotype (G1, G3, or G4). As a result of mutations in the 1T-1 primer binding site, strains belonging to each cluster required a separate primer for efficient typing. One cluster, represented by P[8], G4 strain OP354, was highly divergent from the established Wa and F45 VP4 P[8] lineages. As is the case for some other countries, the diversity of rotaviruses in Malawi implies that rotavirus vaccines in development will need to protect against a wider panel of serotypes than originally envisioned.
In developing countries severe, dehydrating diarrhea caused by human rotavirus (HRV) results in an estimated 500,000 to 870,000 childhood deaths annually (13, 43) . The routine implementation of safe and effective rotavirus vaccine programs in developing countries is expected to reduce dramatically the high level of mortality attributed to HRV, but the differing epidemiology of rotavirus in such settings may pose special challenges to successful vaccine use (6) . In particular, the greater diversity of HRV strains encountered in some developing countries has implications for the formulation of rotavirus vaccines, since the original targets of these vaccines were the four most globally common HRV serotypes, G1 to G4, and some candidate vaccines were designed to provide serotypespecific (homotypic) protection (42) . Thus, the first licensed vaccine, the tetravalent rhesus-human reassortant rotavirus (RRV-TV) vaccine, incorporated strains with these four mostcommon G-serotypes. The RRV-TV vaccine proved highly effective in preventing severe rotavirus diarrhea in infants and young children (3, 35, 49, 52, 53) .
Recent evidence suggests that serotypes other than G1 to G4 are epidemiologically important in some developing countries (e.g., serotype G5 in Brazil [23, 40] , serotype G9 in India [50] and Bangladesh [59] , and serotype G8 in Malawi [10] ). Furthermore, the recent identification of serotype G9 rotaviruses in the United States (51), the United Kingdom (8) , Australia (48) , and France (4) indicates that some developed countries may also harbor previously uncommon serotypes. Thus, future HRV vaccines may need to protect against additional serotypes in order to provide broadly effective protection.
Rotaviruses are nonenveloped viruses that possess a segmented double-stranded RNA (dsRNA) genome, which is enclosed in a triple-layered protein capsid. The 11 segments can be separated by using electrophoresis, and two major strain types (short and long electropherotypes) can be differentiated according to differences in the relative migration patterns of segments 10 and 11. The middle layer of the mature rotavirus particle, comprised exclusively of VP6 (encoded by RNA segment 6) specifies rotavirus group and subgroup. Two major subgroups are recognized among group A HRVs (I and II) but some HRVs possess both subgroup I and II antigens, and others possess neither antigen (31) . The two outer capsid proteins, VP7 (encoded by segment 7, 8, or 9) and VP4 (encoded by segment 4), each induce neutralizing antibodies; thus, a dual typing system classifies HRVs by VP7 serotype (or G type, since VP7 is a glycoprotein) and VP4 serotype (or P type, since VP4 is cleaved by proteases). Fourteen VP7 serotypes have been identified by cross-neutralization studies, which correspond to their respective genotypes determined by molecular analyses. Eleven VP4 serotypes have similarly been identified, each of which has been assigned a "genotype" using molecular analysis (15, 45) . Since at least nine further VP4 genotypes have not yet been assigned a serotype, a complete description of VP4 requires both molecular and serologic characterization. By convention, VP4 genotype is enclosed within square brackets (for a review of rotavirus structure and strain nomenclature, see reference 15) .
Field studies of rotavirus strain diversity have traditionally employed VP7-specific neutralizing monoclonal antibodies in enzyme immunoassays (EIAs) to detect the common VP7 serotypes in fecal samples (56) . Since a substantial number of strains remain nontypeable by EIA, and because serologic methods to detect common VP4 serotypes are not routinely available, molecular methods (reverse transcription-PCR [RT-PCR] and probe hybridization) have been developed for both VP7 and VP4 typing (17, 18, 24, 27, 39) .
Although the genes encoding VP7 and VP4 segregate independently (32) and numerous combinations of G and P types are theoretically possible, early studies suggested that four strains predominate (19) . Thus, HRVs with G serotypes G1, G3, and G4 are typically associated with P [8] VP4 specificity (and possess long electropherotype profiles and the subgroup II antigen), and serotype G2 HRVs normally possess the P [4] VP4 genotype (and have short electropherotype profiles and the subgroup I antigen). However, recent studies in developing countries that have extensively characterized large numbers of HRVs have demonstrated much greater strain diversity than previously appreciated (50, 58, 59) . In Bangladesh, the recognition of multiple combinations of G and P types and atypical combinations of subgroup and electropherotype, especially among serotype G9 strains, indicates that genomic reassortment is a major driving force in the generation of rotavirus strain diversity (59) .
As part of a recently completed 2-year study of viral gastroenteritis in Blantyre, Malawi, we sought to investigate the diversity of rotaviruses detected in children with diarrhea (10). We were especially interested in examining by nucleotide sequencing those strains that failed to be typed with established RT-PCR methods. In so doing, we gained a more complete understanding of the extent of strain diversity in this region and enhanced our ability to routinely type Malawi strains.
MATERIALS AND METHODS
Fecal specimens. The study was conducted at the Queen Elizabeth Central Hospital, Blantyre, Malawi, from July 1997 to June 1999, as previously described (10) . Fecal specimens were collected from children under 5 years old with acute, dehydrating diarrhea who either were given oral rehydration therapy at the "Under 5" clinic or were admitted to the pediatric wards where they received oral rehydration therapy and/or intravenous fluid replacement. Rotavirus testing was performed the same day as specimen collection, and fecal samples containing rotavirus were then stored at Ϫ80°C until analyzed further.
Rotavirus detection, subgrouping, and electropherotyping. Rotavirus antigen was detected using the Rotaclone EIA kit (Meridian Diagnostics, Cincinnati, Ohio). Selected rotaviruses were subgrouped from stool specimens by EIA, using subgroup-specific monoclonal antibodies (26) . Rotavirus dsRNA was extracted using a guanidine and silica method (18) , modified from that of Boom et al. (5) . To determine rotavirus electropherotype (short or long), the dsRNA was electrophoresed on a 10% polyacrylamide gel and then stained with silver nitrate as previously described (29) . A mixed rotavirus electropherotype was defined by the presence of a typical group A rotavirus RNA profile comprising more than 11 RNA segments. Rotavirus genome profiles that could not be clearly categorized as short or long electropherotypes were labeled indeterminate.
RT-PCR genotyping. G and P typing employed nested, multiplex RT-PCR and used consensus and type-specific primers described previously (12, 18, 24) .
Briefly, for G typing, consensus primers 9con1 and 9con2 were used in a firstround RT-PCR (30 cycles) to generate a 905-bp VP7 gene fragment; 9con1 was then used in a second-round PCR (20 cycles) with type-specific primers 9T-1 (G1), 9T-2 (G2), 9T-3P (G3), 9T-4 (G4), and 9T-9B (G9). Since serotype G8 strains were detected frequently in the early part of this study, the G8-specific typing primer MW8 was added to this primer cocktail (10) . For P typing, consensus primers con2 and con3 were used in a first-round RT-PCR (30 cycles) to generate an 877-bp fragment of gene 4; con3 was then used in a second-round PCR (20 cycles) with type-specific primers 1T-1 (P [8] ), 2T-1 (P [4] ), 3T-1 (P [6] ), 4T-1 (P [9] ), and 5T-1 (P [10] ). PCR products were resolved by electrophoresis on a 2% agarose gel, stained with ethidium bromide, and visualized under UV illumination.
Investigation of nontypeable strains. As we began typing year 2 strains it became apparent that, using our existing approach, a large number were nontypeable with respect to their G and/or P type. In order to determine whether this reflected genetic variation in primer binding sites of common strains or uncommon G and P types, nontypeable strains were further investigated by nucleotide sequencing of first-round RT-PCR products. The RT-PCR products were purified by using spin columns (Qiagen, Chatsworth, Calif.) and sequenced by using the dideoxynucleotide chain termination method with the BigDye sequencing kit (Applied Biosystems, Inc., Foster City, Calif.) and a model 377 automated DNA sequencer (Applied Biosystems, Inc.). Sequences were aligned with DNASTAR (Madison, Wis.), and phylogenetic trees were drawn by using PHYLIP (version 3.5c; copyright, J. Felsenstein and the University of Washington) and CLUST-ALX (European Molecular Biology Laboratory, Heidelberg, Germany).
For G typing, a large number of strains either gave weak G1 products or failed to give a detectable product. The full-length VP7 gene of a nontypeable strain, MW529, was amplified by using the primer pair beg9-end9 (24) , and sequence analysis demonstrated 97.8% nucleotide identity to the VP7 gene of an Australian serotype G1 rotavirus, G194A (14) . Significantly, four base substitutions were identified in the region of the G1 typing primer 9T-1, compared with the prototype strain Wa from which the primer was designed (Fig. 1a) . Therefore, an alternative primer (nac9) was designed in the 9T-1 region, which generated consistently stronger G1-specific products when substituted for 9T-1 in the second-round PCR (data not shown). Primer nac9 did not cross-prime with Malawi serotype G3, G4, G8, or G9 strains or with standard serotype P [4] , G2 strain DS-1 (data not shown).
Since a large number of strains generated weak P [8] products, or failed to be P typed, con2-con3 gene 4 fragments (representing nt 11 to 887) of nine P nontypeable strains were sequenced and compared with three strains that typed with conventional P [8] typing primer 1T-1 (Table 1) . Where possible, strains were selected for sequencing which were collected at different times in the study, although the choice was limited by a failure to obtain con2-con3 product for some strains. Four internal primers were used in addition to con2 and con3 to sequence each con2-con3 fragment. Sequence analysis demonstrated that the 12 strains comprised three groups of genotype P [8] viruses, each with multiple (and distinct) base changes in the region of the 1T-1 P [8] typing primer, compared with prototype strain KU (Fig. 1b) . Using sequence data of representative strains OP601, MW258, and OP354, three additional P [8] typing primers were designed in the 1T-1 region (respectively, nac10, nac13, and nac25), and these were added separately to the typing primer cocktail used in the second-round PCR. Primers nac10 and nac25 did not cross-prime with Malawi genotype P [4] or P [6] strains. We did observe cross-priming of primer nac13 with Malawi genotype P [4] strains; therefore, we confirmed by nucleotide sequencing the P[8] specificity of each strain typed by this primer (data not shown).
Ethical approval. The study protocol was approved by the Malawi National Health Sciences Research Committee. The parents (or guardians) of each child gave written, informed consent prior to their child's enrolment in the study.
Nucleotide sequence accession numbers. Nucleotide sequences representing con2-con3 fragments of the VP4 gene of the twelve genotype P [8] strains included in this report have been submitted to the EMBL Nucleotide Sequence Database. The accession numbers of the corresponding nucleotide sequences for the following strains are indicated in parentheses: MW194 (AJ302142), MW258 (AJ302143), MW279 (AJ302144), MW434 (AJ302145), MW670 (AJ302146), OP351 (AJ302147), OP354 (AJ302148), OP371 (AJ302149), OP498 (AJ302150), OP511 (AJ302151), OP530 (AJ302152), and OP601 (AJ302153).
RESULTS

G and P types.
A total of 414 rotaviruses detected in fecal specimens of children with diarrhea (221 specimens were collected in the first year of study) were characterized by RT-PCR VOL. 39, 2001 ROTAVIRUS DIVERSITY IN BLANTYRE 837 genotyping ( After primer design and retesting, a total of 10 different G-P type combinations were recognized in this collection. Overall, strain P [8] , G1 was the most frequently detected strain (n ϭ 111; 26.8%), but was commonly identified only during the second year, when it represented 52.3% of strains. Two novel serotype G8 rotaviruses (strains P [6] , G8 and P [4] , G8) accounted for 110 (26.6%) and 31 (7.5%) of strains, respectively, and were detected frequently in both years of surveillance. Strain P [8] , G3 was the third-most-common strain overall (n ϭ 93; 22.5%). Other strains detected were P [8] , G4 (n ϭ 21; 5.1%); P [6] , G3 (n ϭ 12; 2.9%); P [6] , G1 (n ϭ 7; 1.7%); P [6] , G9 (n ϭ 3; 0.7%); P [6] , G4 (n ϭ 3; 0.7%); and P [4] , G3 (n ϭ 1; 0.2%). Fifteen strains (3.6%) comprised mixed G and/or P types. While all strains could be assigned a G type, seven strains (1.7%) remained P nontypeable.
Serotype G8 was the most commonly identified G type (n ϭ 144; 34.8%) followed by serotypes G1 (n ϭ 124; 30.0%), G3 (n ϭ 113; 27.3%), G4 (n ϭ 25; 6.0%), G9 (n ϭ 3; 0.7%), and mixed G types (n ϭ 5; 1.2%). Serotype G2 was not identified in any specimen.
The P [8] genotype was the most commonly identified VP4 type (n ϭ 227; 54.8%), followed by P [6] (n ϭ 137; 33.1%) and P [4] (n ϭ 33; 8.0%). Ten strains (2.4%) displayed mixed P types, and seven strains (1.7%) could not be P typed.
Electropherotypes and subgroups. An electropherotype could be assigned to 385 (93%) of the strains (Table 2) . These comprised 250 (60.4%) long profiles, 133 (32.1%) short profiles, and two (0.5%) mixed profiles. No evidence of rearrangement of genome segments was identified. The short electropherotype profiles consisted of the majority of serotype G8 strains and each of three serotype G9 strains. Two P [6] , G8 strains possessed long electropherotypes. All remaining typeable strains had long electropherotypes. Each strain of a representative sample of short electropherotype viruses, including serotype G8 and G9 strains, possessed subgroup I specificity (data not shown). Sufficient fecal material remained for subgrouping of one long electropherotype, P [6] , G8 strain, which belonged to subgroup II. Finally, each of the three representative members of the long electropherotype, divergent P [8] strains (OP601, MW258 and OP354), belonged to subgroup II.
Phylogenetic analyses. Phylogenetic analysis of the complete 326-amino-acid (-aa) VP7 protein of serotype G1 strain MW529 confirmed that it belonged to lineage I of serotype G1 HRVs (34) (data not shown).
The presence of three distinct clusters of P [8] strains was suggested by the typing characteristics of strains that failed to be typed with the conventional P [8] primer 1T-1. Each alternative P [8] typing primer (nac10, nac13, and nac25) effectively amplified the majority of strains with the same G-type as the strain from which the primer was designed but generally failed to give product with strains of a different G type (data not shown). However, six strains (comprising a single serotype G3 strain and five serotype G4 strains), were P typed using an alternative primer designed from a strain of a different G type. The con2-con3 RT-PCR products of two such strains, serotype G3 strain OP498 (typed by nac10) and serotype G4 strain OP511 (typed by nac13), were therefore sequenced and examined phylogenetically. Phylogenetic analysis of partial VP4 sequences of 12 Malawi P [8] strains confirmed the presence of three clusters that each comprised strains typed by a distinct alternative primer (or by 1T-1) and predominantly (but not exclusively) comprised strains belonging to a distinct G type (G1, G3, or G4) (Fig. 3) .
The three groups are represented respectively by prototype strains OP601 (P [8] , G1), MW258 (P [8] , G3), and the highly divergent strain OP354 (P [8] , G4). Malawi strains within a cluster shared greater than 98% nucleotide and amino acid identity. The VP4 sequences of serotype G3 strain OP498 and serotype G4 strain OP511 clustered with serotype G1 (OP601-like) and serotype G3 (MW258-like) rotaviruses, respectively (Fig. 3) .
The VP4 gene fragments of three serotype G4 strains (represented by strain OP354), shared 99.5% nucleotide identity and 100% amino acid identity. Using Ͼ89% amino acid identity as the cutoff for strains of the same genotype (21) G1  G3  G4  G8  G9  G1  G3  G4  G3  G8   Long  250  7  10  3  2  106  89  17  1  11  4  Short  133  98  3  0  29  2  1  Mixed  2  1  1  Indeterminate  29  2  10  5  4  4  1  1  2  No. (%) 414 (100) [6] , G3ϩ8 (one strain); P [8] , G1ϩ3 (one strain); P [8] , G1ϩ3ϩ8 (one strain); (ii) short e-type: P[6ϩ8], G1 (one strain); P [4] , G3ϩ8 (one strain); (iii) mixed e-type: P[4ϩ8], G3 (one strain); and (iv) indeterminate e-type: P [6] , G3ϩ8 (one strain).
c All strains were nontypeable (NT) with respect to their P type. These comprised strains with (i) long e-type (G3, two strains; G4, one strain; G8, one strain); (ii) short e-type (G8, one strain); and (iii) indeterminate e-type (G3, one strain; G8, one strain). displayed 89.7, 90.0, and 90.4% amino acid identities to standard genotype P [8] strains Wa, KU, and F45, respectively. They were also quite distantly related to Malawi P [8] strains that comprised the remaining two clusters (88.6 to 89.2% nucleotide identity and 90.4 to 91.4% amino acid identity to OP601-like strains and 88.3 to 89.2% nucleotide identity and 90.7 to 91.4% amino acid identity to MW258-like strains). Phylogenetic analysis (Fig. 3) confirmed that OP354-like strains form a cluster which is distinct from the two established VP4 lineages, represented by strains Wa and F45 (25) . Gouvea et al. (25) described 11 aa between aa 27 and 240 which are conserved within the Wa lineage but are distinct from the F45 lineage. At these sites, OP354-like strains possess Wa-like amino acids at four positions, F45-like amino acids at five positions, and an amino acid typical of neither lineage at two positions (Fig. 4) . Thus, based on partial sequence analysis of the VP4 gene, three serotype G4 Malawi strains as typified by OP354 appear to comprise a further, highly divergent P [8] lineage.
DISCUSSION
This study has described the diversity of rotavirus strains in Blantyre from 1997 to 1999. By using nested RT-PCR amplification of VP7 and VP4 gene fragments, and by extensive investigation of rotaviruses that failed to be typed by established methods, we were able to fully type 407 of 414 (98.3%) strains. The design of additional primers enabled the effective amplification of all serotype G8 rotaviruses, all divergent serotype G1 strains, and many divergent genotype P [8] strains. Furthermore, the thorough investigation of nontypeable strains by nucleotide sequencing described the degree of divergence among these strains and their relationships to published HRV strains. FIG. 3 . Neighbor-joining nucleotide distance tree for residues representing nucleotides 11 to 887 of the VP4 gene of the indicated genotype P [8] strains. The G type is indicated for each strain. Sequences were aligned by using CLUSTALX and analyzed by using the DNADIST and NEIGHBOR programs in PHYLIP. The accession numbers of the reference strains used in this analysis were L34161 (for Wa) (46), U30716 (for F45) (37) , and M21014 (for KU) (57).
FIG. 4.
Comparison of conserved amino acids between residues 27 and 240 of VP4 of OP354-like strains compared to Wa-like and F45-like strains. (The data for Wa-like and F45-like strains are from a report by Gouvea et al. [25] .) A notable finding was the marked contrast in strain distributions between the first and second years of the study, especially the detection in the second year of large numbers of divergent P [8] , G1 strains. Although poorly understood, sudden changes in prevalent rotavirus serotypes are well recognized (36) , and established strain typing methods may need modifying to take account not only of geographic diversity among HRVs but of temporal changes as well. In this regard, the type-specific primers currently used in RT-PCR typing methods were designed up to 10 years ago based on as few as one sequence for each G or P type, because only limited sequence data were available at that time (12, 18, 24, 27) . The large amount of sequence information now available in the database, combined with the relative ease of automated compared with radioactive sequencing, should encourage the design of updated primers because of the high degree of sequence variation that has been found in this and other recent studies (33) . The importance of rigorously evaluating the specificity of newly designed primers was emphasized in the present study by the finding of cross-priming between the alternative P [8] primer nac13 and local genotype P [4] strains. The close genetic relationship between P [8] and P [4] strains makes crosspriming between these genotypes more likely.
The VP7 serotypes G1 to G4 together account for approximately 80% of global strains (19, 38) but represent only 63.3% of the collection used in this study. The absence of serotype G2, combined with the high prevalence of serotype G8, largely accounts for the relative underrepresentation of the four globally common G types in Malawi. We have previously described the frequent detection of serotype G8 rotaviruses in Malawi (10) , which may represent human-bovine reassortant viruses (11) . Serotype G8 was detected throughout the present study and was the most commonly identified G type in this collection, representing 34.8% of all strains. Most serotype G8 strains were of the short electropherotype. We did not identify any supershort electropherotype profiles characteristic of the prototype human serotype G8 rotavirus 69M isolated in Southeast Asia (28) . However, two P [6] , G8 strains of long electropherotype were recognized (one strain examined belongs to subgroup II), which are more typical of serotype G8 rotaviruses detected in Europe (20) . Serotype G8 may be especially common in Africa, since several recent reports from African countries other than Malawi have documented the presence of this serotype. These countries include Nigeria (1), Egypt (30), Kenya (44), South Africa (55), and Guinea-Bissau (16) .
Serotype G1 is the most common global serotype and was the second most frequently detected G-type in this study, encompassing 30% of strains. The VP7 protein of a representative serotype G1 strain, MW529, was closely related to several recent Australian serotype G1 strains described by Diwakarla et al. (14) and was demonstrated by phylogenetic analysis to belong to lineage I of serotype G1 strains (34) . Serotypes G3 and G4 are also globally common strains and respectively accounted for 27.3 and 6.0% of strains in our collection. Serotype G9, which appears to be an emerging global serotype (4, 8, 48, 50, 51, 59) , was detected in only 0.7% of strains. A surprising finding was the total absence of serotype G2 rotaviruses, since this is the most commonly identified serotype in some studies and represents Ͼ10% of global strains (19, 38) . The lack of archived stool collections from children in Malawi renders it difficult to ascertain if serotype G2 has previously circulated in the country, but this serotype has recently been described in a study of a neighboring country, Zambia (54) .
The globally most prevalent P [8] genotype was the most commonly detected VP4 type in the present study (54.8% of all strains). However, sequence analysis of the VP8* subunit of VP4 identified extensive diversity among these strains, with three distinct clusters of strains that segregated largely according to G type. Because of this diversity, three P [8] typing primers were required, in addition to 1T-1, to successfully type the majority of P [8] strains. Sequence diversity within the VP8‫ء‬ subunit of P [8] strains necessitated the design of a degenerate version of the 1T-1 typing primer in a recent study from the United Kingdom (33) . The observation of clusters of P [8] strains that, in general, grouped according to VP7 serotype, contradicts previous observations that found no such association (33, 41) . Although VP7 and VP4 segregate independently, it is likely that the three groups of P [8] strains that possess G1, G3, or G4 VP7 specificity (represented, respectively, by strains OP601, MW258, and OP354), represent the most stable VP7-VP4 combinations, and the viruses are therefore more likely to persist in nature. Some strains were detected, however, that did not fall into one of the three clusters. For example, the VP4 sequence of a serotype G3 strain (OP498) clustered with serotype G1 (OP601-like) strains, and the VP4 sequence of a serotype G4 strain (OP511) clustered with serotype G3 (MW258-like) strains. Such strains are likely to be VP7 or VP4 reassortants between strains belonging to separate clusters.
Of particular interest is the highly divergent cluster of closely related P [8] (41) . While OP354-like strains group phylogenetically (using short sequences) with strains representing lineage P[8]-3 described by Maunula and von Bonsdorff (data not shown), the signature motif (ISRN) differs from the lineage-defining motif for P[8]-3 (Fig. 4) . Therefore, we are currently examining further the complete VP4 (including VP8* and VP5* subunits) of OP354 to more fully assess its genetic and antigenic relationship to standard serotype P1A [8] strains. Although VP7 is the surface protein represented in most current vaccines, VP4 may also be important in inducing protective immunity (60) , and rotavirus vaccines containing antigen representing the most common P serotype, P1A [8] , have undergone evaluation in field trials (7) . Since previous studies have documented greater antigenic variability in VP4 than was indicated by genomic typing methods (47) , the diversity of VP4 in Malawi may be even greater than is apparent by the genomic analysis presented here. This may be relevant to future HRV vaccine strategies in Malawi.
Because of their recognized association with asymptomatic neonatal infections, HRVs with the VP4 P [6] genotype were thought to be attenuated and unlikely to cause diarrhea (22) . Our finding of large numbers of P [6] strains among children with diarrhea (this genotype was detected in 33.1% of children) confirms similar recent reports from other countries (2, 4, 8, 50, 51, 58, 59) .
This study extends our understanding of the tremendous diversity of HRV strains in some countries and has direct implications for the formulation of effective rotavirus vaccines. Strain surveillance is important in countries such as Malawi to monitor the prevalent rotavirus serotypes before future rotavirus vaccine programs are instated and to enable detection of new serotypes that could emerge as a consequence of widespread vaccine use. Reduction of the huge burden of disease caused by rotavirus in Africa by the successful introduction of rotavirus vaccines would make such efforts worthwhile (9) .
